Abstract Several studies have unveiled various misconceptions about climate change that the public holds, for instance, confusion about climate change and ozone depletion. However, so far, there has been no uniform and standardized way to measure climate-related knowledge, which complicates comparisons between different countries or samples. To develop an extensive knowledge scale, we therefore examined the Swiss public's understanding of climate change in a mail survey and related this scale to attitudes toward climate change. We thereby aimed to consider a broad range of climate-related knowledge, namely physical knowledge about CO 2 and the greenhouse effect, knowledge about climate change and its causes, knowledge about the expected consequences of climate change, and actionrelated knowledge. The questionnaire included items of different degrees of difficulty, ranging from knowledge that is covered by newspapers to experts' knowledge. Our findings indicate that people still hold several misconceptions, although people's knowledge related to CO 2 seems to have increased compared to previous studies. Of all knowledge subscales, knowledge about climate change and causes was most strongly related to attitudes toward climate change.
attitudes toward climate change as well as people's willingness to act and to support mitigation policies. It therefore seems important to investigate what the public currently knows about climate change. Although a large body of research has examined people's understanding of climate change, there has been no standardized way of measuring knowledge, which makes it difficult to compare the results of different studies. Thus, we developed a comprehensive knowledge scale covering a broad range of knowledge about climate change and conducted a large-scale survey in the Swiss population. We also aimed to examine how this knowledge relates to attitudes, such as climate-related concern or skepticism.
Previous studies on laypeople's knowledge about climate change
When asked about the public's understanding of climate change, people seem to believe that the scientific background is generally poorly understood (Henderson-Sellers 1990) . In fact, previous studies examining the public's climate-related knowledge showed that laypersons have a limited understanding of climate and seem to have difficulties distinguishing it from weather Read et al. 1994; Reynolds et al. 2010) . Several other misconceptions about climate change also seem to be rather consistent. People, for instance, often confuse the problems of stratospheric ozone depletion with climate change and seem to have difficulties in differentiating between causes and actions specific to climate and other more general good environmental behaviors Poortinga et al. 2006; Read et al. 1994; Reynolds et al. 2010) . Even highly educated adults showed widespread misunderstanding of the fundamental stock and flow relationships of CO 2 emissions and net removal (Moxnes and Saysel 2009; Sterman 2008; Sterman and Booth Sweeney 2007) .
The erroneous understanding of climate change and causes appears to be of a global nature (e.g., Bord et al. 1998; Dunlap 1998; Leiserowitz 2007 ) and persistent over time (Reynolds et al. 2010) . Accordingly, such misconceptions have also been found in Switzerland. In a Swiss survey, 35% of the respondents believed that the greenhouse effect is caused by a hole in the Earth's atmosphere (Diekmann and Meyer 2008) . And although a large majority of the respondents (89%) were aware that combustion of oil, coal, and gas contributes to the greenhouse effect, only 42% knew that CO 2 is the main contributor to the greenhouse effect. In an earlier study, even fewer could identify CO 2 as the main greenhouse gas, namely 28% of the respondents (Jaeger et al. 1993) . This indicates that the public awareness of CO 2 as a contributor to the greenhouse effect has generally risen in Switzerland in recent years. One reason for this increase might be that the issue has been progressively covered in the mass media. The influence of media on public knowledge will be discussed in Section 1.2.
The public misconceptions found in past research can be assigned to different knowledge domains, such as knowledge about the process of climate change, about its causes, or about its consequences. People's climate-related knowledge seems to vary across these different knowledge domains. Sundblad et al. (2009) found that experts, journalists, politicians, and laypersons all showed the highest level of knowledge about the causes of climate change, followed by the climate's state and the consequences of climate change. The levels of confidence in one's knowledge also varied between the different domains: laypersons felt most confident about their knowledge of consequences, followed by the causes and the climate's state. Generally, people with higher levels of climate-related knowledge tend to be more confident about their knowledge and seem to consider themselves more informed (O 'Connor et al. 1998; Sundblad et al. 2009 ). This relationship, however, was usually very weak. People's confidence in their climate-related knowledge might therefore not be a valid indicator of their actual knowledge and thus no substitute for an objective assessment of climate-related knowledge.
However, past research's focus on knowledge about climate change has also been subject to criticism. For instance, researchers have argued that people might have a more holistic understanding of climate change and that focusing on public knowledge about the science of climate change might therefore lead to misconceptions of public understanding (Bulkeley 2000) . Other researchers have argued that lack of knowledge is probably not the main barrier to action and that, therefore, increasing public awareness might not translate into actual behavioral change as various cognitive and structural barriers are involved (Bulkeley 2000; Dunlap 1998) . Similarly, past research suggested that a socio-cultural model is more predictive of climatic change commitment than a model focusing on knowledge (Jaeger et al. 1993) . We therefore do not claim that knowledge about climate change is a panacea for people to change their behaviors or to support climate protection measures. Simply informing people about climate change most certainly will not suffice to engage the public in the subject of climate change. However, to understand the necessity of climate policy measures or climate-friendly behavior, it is important to have a certain understanding of climate change. If someone, for instance, is unaware of the fact that CO 2 is the main cause of climate change, he or she would probably be very unwilling to accept CO 2 taxes or to reduce car use. We therefore believe that climate-related knowledge represents an important, yet not sufficient, prerequisite for people's willingness to accept climate protection measures or to change their behaviors.
1.2 The influence of media coverage on public knowledge about climate change Media coverage forms a dominant source of climate science news for consumers (Antilla 2005) and may therefore affect consumers' knowledge and attitudes. Past research examining the influence of media on climate-related knowledge among consumers, however, is mixed. One study indicated that the use of media is positively related to awareness of climate change causes, effects, and solutions (Stamm et al. 2000) . Another study, however, found that newspaper use had a negative influence on knowledge about climate change, whereas the number of information sources increased consumers' climate-related knowledge (Kahlor and Rosenthal 2009) .
In the case of climate change, the media often present dissent where the science largely agrees, which finally leads to biased coverage of human contributions to climate change (Antilla 2005; Boykoff and Boykoff 2004) . A study detected lack of knowledge among journalists, which might be one reason for this bias (Wilson 2000) . Furthermore, presenting opposing sides in order to provide balance and objectivity is a journalistic tradition (Corbett and Durfee 2004) . As a result, many articles frame climate change in terms of debate, controversy, or uncertainty (Antilla 2005; Zehr 2000) . The controversy framing might reduce consumers' perception of the certainty of scientific findings (Corbett and Durfee 2004) . As discussed, the feeling of uncertainty about climate change could increase skepticism about the reality of climate change, which ultimately might decrease consumers' willingness to address the issue (Lorenzoni et al. 2007 ).
Rationale for this study
Although the public understanding of climate change has been examined in several studies, so far there has been no standardized, uniform measure to assess people's understanding of climate change. Such a comprehensive, quantitatively tested climate-related knowledge scale would allow for comparisons between countries, various samples, and time frames. More importantly, an extensive knowledge scale covering different knowledge domains would enable researchers to examine whether different types of knowledge are important for different types of psychological constructs (such as attitudes, intentions, or support for climate protection measures). Fietkau and Kessel (1981) suggested in their model of ecological behavior that environmental knowledge has no direct effect on pro-environmental behavior. They assumed that knowledge rather influences people's environmental attitudes, which then, among other variables, has an impact on ecological behavior (see Kollmuss and Agyeman 2002) . Thus, we believe that climate-related knowledge plays a role in consumers' attitude formation. We therefore aimed to examine the influence of knowledge on consumers' attitudes toward climate change, which we will describe in the following.
First, we studied the effect of knowledge on concern about climate change. The relationship between knowledge and concern seems plausible, as people need to be informed about an issue like climate change to worry about it. Investigating the determinants of concern about climate change also seems worthwhile, as this factor has been identified as an important predictor of consumers' willingness to change climate-related behavior (e.g., Semenza et al. 2008) . Second, we examined how knowledge about climate change influenced consumers' skepticism about this issue. Human contribution to climate change is widely discussed and not universally accepted as a fact (e.g., Reynolds et al. 2010) . It is possible that knowing the scientific findings about climate change might reduce consumers' feeling of skepticism toward this topic. As skepticism might be an influential barrier to addressing climate change (Lorenzoni et al. 2007) , it seems important to include this construct in our study. Third, we investigated the relationship between knowledge and feeling of powerlessness. As discussed, consumers need to have a basic understanding of the causes of climate change to know how to address the issue. Therefore, knowledge might influence consumers' feeling that they can contribute to climate change mitigation. Furthermore, meta-analyses of past research have shown that the feeling of behavioral control has a positive influence on pro-environmental behavior (Bamberg and Möser 2007; Hines et al. 1986/87) .
In sum, we aimed to develop a comprehensive knowledge scale, consisting of several subscales. Our aims were three-fold: First, we aimed to develop a comprehensive knowledge scale, which could be used in further research. The scale should cover a broad range of climate-related knowledge domains (such as causes or consequences of climate change) and include different levels of difficulty. Second, we intended to describe the level of climaterelated knowledge among Swiss people with this instrument. Our third aim was to examine how these different knowledge domains relate to different climate-related attitudinal variables (namely concern about climate change, skepticism, and feeling of powerlessness).
Method

Participants
The data were collected in a mail survey between February and May 2010. We randomly selected households from the telephone book in the German-speaking part of Switzerland and addressed the household member who was 18 years or older and whose birthday was next. Non-responders received two reminders, the second one containing another copy of the questionnaire. Overall, 916 persons sent back filled-out questionnaires, which corresponds to a response rate of 39%.
Sixty percent (n0546) of our sample was male, 39% (n0354) female, and 2% (n016) did not disclose their sex. The mean age of our respondents was 55 years (SD016), which is somewhat older than the Swiss adult population (M049 years) (BFS 2009 ). The selfreported education level ranged from primary school (5%, n041), lower secondary school (8%, n075), upper secondary vocational school or business school (41%, n0374), and upper secondary school (17%, n0157) to college or university (27%, n0251). Two percent (n018) did not indicate their highest level of education. Compared with Swiss census data (BFS 2009), the sample had a slightly higher education level than the general Swiss population.
Questionnaire
In the beginning of the questionnaire, we defined "climate change" as more recent changes of the climate (in the past 250 years) and excluded climate fluctuations of the entire geological history, such as glacial periods and interglacials. Overall, the questionnaire consisted of 16 pages, covering constructs such as knowledge, concern about climate change, skepticism, or feeling of powerlessness. Only the constructs used in this study are reported here.
To develop the knowledge items, we first consulted the existing literature to detect public knowledge and misconceptions (e.g., Bord et al. 1998; Bostrom et al. 1994; Dunlap 1998; Leiserowitz 2007; Read et al. 1994; Reynolds et al. 2010) . To get an impression of the current state of knowledge among Swiss consumers, we additionally conducted semistructured face-to-face interviews with a convenience sample of 8 laypersons. The interviews covered consumers' perceptions of causes and impacts of climate change, as well as possible mitigation measures. Based on the misconceptions and notions found in the literature and interviews (e.g., confusion of climate change with the ozone hole or about the harmfulness of CO 2 ), we developed 41 knowledge items covering a broad range of climate-related knowledge.
The items consisted of 19 correct and 22 wrong statements. We were careful that the positive or negative wording gave no indication of the correctness of the statements. There was no pattern in the order of correct and wrong statements. Respondents could indicate for each statement whether they believed it to be true, wrong, or whether they did not know. We included the latter response option to avoid participants guessing. Furthermore, we believed it to be less discouraging if respondents could indicate they did not know the answer.
Knowledge can be distinguished in declarative (factual) and procedural knowledge (skills that transform declarative knowledge into action) (Frick et al. 2004 ). Thus, we distinguished between factual knowledge, referring to knowledge about definitions, causes, and consequences of climate change, and action-related knowledge, covering information connected to possible actions (Tanner and Kast 2003) . Similarly to past studies Reynolds et al. 2010; Sundblad et al. 2009 ), we divided factual knowledge into different knowledge domains and constructed a similar number of items for each domain: (1) physical knowledge about CO 2 and the greenhouse effect (consisting of 9 items), (2) knowledge about climate change and causes (11 items), and (3) knowledge about the expected consequences of climate change (11 items). Action-related knowledge was assessed in 10 items.
For all knowledge scales, we included items of different degrees of difficulty, ranging from basic understanding of climate change that is discussed in the media to expert knowledge. We took care that there were correct and incorrect statements throughout the different levels of difficulty. The items were grouped according to their subject; they were, however, not ordered according to their difficulty level. Although we strived for scientific correctness, we tried to avoid scientific terms, such as "concentration," "radiative forcing," or "global warming potential." The items thus represent a compromise between scientifically true, yet generally understandable, statements. The knowledge items were pretested with a convenience sample of 15 people to identify items with low, medium, and high difficulty.
We used the Fourth Assessment Report of the Intergovernmental Panel on Climate Change (IPCC 2007) as a basis for our knowledge scale. Additionally, we sent the knowledge items to 8 climate scientists at the authors' university. We asked the scientists to preview the items to ensure they were unambiguously correct or wrong. These scientists included 4 Ph.D. students of atmospheric and climate science and 3 Ph.D. students with other expertise (environmental engineering, environmental policy and economics, and agricultural sciences). Our expert sample further included a professor of atmospheric and climate science, who was also an IPCC author.
The questionnaire also included items that measured different attitudes related to climate change, such as concern or skepticism. These items were presented as statements (e.g., "I worry about the climate's state" or "Climate change is a racket"; see the Appendix), which respondents could rate on a 6-point Likert scale, ranging from "strongly disagree" to "fully agree." Finally, the respondents indicated their sex, age, level of education, and political affiliation.
Data analysis
Like the Rasch scale, the Mokken scale analysis is a probabilistic version of the Guttman scaling. In contrast to the Rasch scale, however, the Mokken scale analysis is a nonparametric procedure (Van Schuur 2003) . This scale analyzes each participant's response pattern to a set of questions and examines how the items differ in their distribution. Thus, unlike such measurements as reliability or factor analysis, the Mokken scale analysis explicitly allows items to differ with regard to their distribution (or difficulty).
A respondent's probability of solving an item depends on two factors: (1) on his or her latent trait (such as knowledge) and (2) on the item's characteristic (such as level of difficulty) (Molenaar and Sijtsma 2000) . Accordingly, the Mokken scale analysis not only ranks respondents according to their probability of a positive response (i.e., their latent trait, such as ability or knowledge) but also orders items regarding their probability of being answered positively. One of the important assumptions is the one of double monotonicity. First, the item response function should be monotonically nondecreasing, meaning that the items order all respondents similarly (Mokken and Lewis 1982) . Thus, the expected order of the respondents on the latent trait (i.e., knowledge) is the same for each selection of items (Molenaar and Sijtsma 2000) . Second, the item ordering (according to their difficulty) should be the same for each person. If, for instance, person A had a higher probability of solving item x compared to item y, then person B should also show a higher solving probability for item x than for item y. As the Mokken scaling analysis scales both items and respondents, it is subject to stricter conditions than Cronbach's alpha reliability analysis. Thus, the Mokken scaling analysis appeared to be well-suited for testing our factual knowledge scale. We therefore analyzed the factual knowledge items with a Mokken scale analysis using the MSP5 program (version 5.0, Iec ProGAMMA, Groningen, the Netherlands).
Similarly to a principal component analysis, the Mokken analysis can suggest subscales, by grouping subsets of items based on statistical criteria. The Loevinger scalability coefficient thereby is an important indicator; the coefficient indicates the degree to which respondents can be accurately ordered by the suggested set of items (Molenaar and Sijtsma 2000) . The larger H, the higher the confidence in this ordering; a perfect scale would result in H01. A set of items with H0.3-.4 is considered a weak scale. A scale with H0.4-.5 would show medium scalability, whereas H0.5-1 would indicate a strong scale. Additionally, the scalability coefficients for all individual items should be H i >.3.
For all knowledge items consisting of incorrect statements, responses were reversed so that the results indicate whether the answer was correct, wrong, or whether the respondent did not know the answer. The respondents' answers were also recoded as dichotomous variables (1 0 "correct", 0 0 "wrong" and "don't know"), so that we could distinguish people who knew the correct answers from people who did not. 1 All resulting scales were then tested for their reliability.
We calculated the proportion of correct items for each respondent and each type of knowledge. We then examined the correlations between the different knowledge scales and tested how people's education was related to these types of knowledge. In the second step, we ran three regression analyses to predict concern about climate change, skepticism, and feeling of powerlessness. As predictors for the regression models, we used sociodemographic variables, political affiliation, and the different types of climate-related knowledge.
Results
The Mokken analysis yielded three subscales for factual climate-related knowledge, which were in line with our projected knowledge domains: (1) physical knowledge about CO 2 and the greenhouse effect, (2) knowledge about climate change and causes, and (3) knowledge about the expected consequences of climate change. The items measuring action-related knowledge, however, did not result in a Mokken scale. We therefore used principal component analysis to build this scale.
In the following, we report per knowledge domain the response distributions for all knowledge items to examine our sample's knowledge, followed by a description of the resulting scales and their quality. We then report how the knowledge scales correlate among each other as well as the correlations between the knowledge scales and education. Finally, we present the results of the regression analyses predicting concern, skepticism, and feeling of powerlessness using demographic variables, political affiliation, and the knowledge scores as predictors.
3.1 Physical knowledge about CO 2 and the greenhouse effect Table 1 displays the response distribution and Mokken scale analysis of the knowledge domain physical knowledge about CO 2 and the greenhouse effect. The table shows that the respondents seemed to be well informed about how CO 2 is produced (item 1, see Table 1 ). A vast majority also knew about the definition of the greenhouse effect (item 2) and was aware that CO 2 is a greenhouse gas (item 3). Only a minority showed knowledge about other greenhouse gases, such as water vapor (item 9) or the climatic effect of methane (item 8). The well-documented misconception involving the ozone hole as the main cause of the greenhouse effect was also prevalent among our participants (item 7).
The Mokken scale analysis of physical knowledge yielded a scale consisting of six items with the Loevinger scalability coefficient H0.39 (see Table 1 ). Thus, the knowledge subscale is of weak (almost moderate) scalability with an acceptable reliability of ρ0.65, probably due to the broad range of the items' topics. With H i s>.33, the scalability coefficients for all individual items are satisfactory. The means of correct responses indicate that the scale included items with various levels of difficulty (.30<Ms>.90).
Knowledge concerning climate change and causes
In the knowledge domain of climate change and its causes, the participants were most knowledgeable about the CO 2 increase in the atmosphere (see Table 2 , item 1), followed by the changes in the spatial extent of snow cover in the northern hemisphere (item 2). Although the majority was aware that humans seem to be the main cause of the increase of greenhouse gases in the atmosphere (item 3), the participants appeared to be less sure 
.41
9. Water vapor is a greenhouse gas.* -n = 868; H = .39; = .65 (-) Denotes items with an incorrect statement. Accordingly, responses were reversed to indicate correct and wrong answers. For the Mokken scale analysis, the items were changed into a dichotomous response format of 0 (wrong or did not know) and 1 (correct). Items marked with * were not included in the Mokken scale as they reduced the scale's quality; therefore, H i is not reported for these items about the influence of natural variations (item 6). The respondents also seemed to be less knowledgeable about the temperature changes in the past decades (items 5 and 8) and centuries (item 7). (-) Denotes items with an incorrect statement. Accordingly, responses were reversed to indicate correct and wrong answers. For the Mokken scale analysis, the items were changed into a dichotomous response format of 0 (wrong or did not know) and 1 (correct). Items marked with * were not included in the Mokken scale as they reduced the scale's quality; therefore, H i is not reported for these items
The Mokken scale analysis resulted in a scale of seven items with moderate scalability (Loevinger's scalability coefficient H0.41) and a satisfactory reliability of ρ0.70 (see Table 2 ). All items showed satisfactory scalability coefficients (H i s>.33). The means of correct responses varied between .27 and .87, indicating a wide range of item difficulties.
Knowledge regarding the expected consequences of climate change
When it came to the expected consequences of climate change, the majority of participants knew about the increase of extreme weather events (see Table 3 , item 1) and the melting of polar ice (item 2). Most of the respondents also knew that the sea level is expected to rise; however, they mainly associated this effect with the melting of polar ice. Only half of the participants were aware that this increase is also (and mainly) due to thermal expansion of sea water (item 9). Respondents seemed to be somewhat less knowledgeable about the expected patterns in climate and precipitation change (items 8 and 10).
Knowledge about the health-related consequences was mixed. Most of the participants knew that health consequences would not exclusively affect people living in tropical areas (item 3). Fewer were aware about the increased risk of infectious diseases in northern regions (item 6) or the increased risk of heat-related cardiovascular problems in Switzerland (item 7). The misconception of increased UV radiation due to CO 2 increase was prevalent among a large fraction of the participants (item 11). Table 3 shows that the Mokken scale analysis dismissed all health-related knowledge items and yielded a scale of six items with moderate scalability (Loevinger's scalability coefficient H0.44) and a reliability of ρ0.66. All items' scalability coefficients were acceptable (H i s>.38). Again, various levels of item difficulty were apparent from the means of correct responses (.43<Ms>.96).
Action-related knowledge
As an indicator of knowledge that might affect climate-related actions (such as transportation choice, heating behavior, or energy use), we presented respondents a set of ten items to measure a broad range of action-related knowledge (see Table 4 ). At least half of the participants answered nearly all items correctly, indicating that, among Swiss consumers, action-related knowledge is generally higher than factual knowledge. A large majority knew how to aerate a room in a climate-friendly way (item 1) and they were also aware that, usually, cars emit more CO 2 than trains (item 2). While most of the participants knew about that the transportation sector belongs to the main emitters of CO 2 (item 3), fewer were aware that, in Switzerland, this is also true for the heating of buildings (item 7). Regarding foodrelated actions, more respondents knew about the CO 2 emissions due to greenhouse production (item 4) than about the greenhouse gas emissions associated with meat production (item 6). Items comparing CO 2 emissions of diesel-engine and petrol-engine vehicles (item 10), or short-versus long-haul flights (item 9), appeared to be the most difficult ones to answer.
Interestingly, the items did not result in a satisfactory Mokken scale, as the items could not monotonously be ordered difficulty-wise across all participants. We therefore used the mean score of the items as an indicator of action-related knowledge, a higher score indicating more knowledge. Reliability analysis resulted in a Cronbach's alpha coefficient of α0.61, which represents a rather low reliability. This is probably due to the different degrees of difficulty of the items and the fact that the items covered different domains and thus a broad range of knowledge. 11. An increasing amount of CO 2 risks will cause more UV radiation and therefore a larger risk for skin cancer. (-)* -n = 896; H = .44; = .66 (-) Denotes items with an incorrect statement. Accordingly, responses were reversed to indicate correct and wrong answers. For the Mokken scale analysis, the items were changed into a dichotomous response format of 0 (wrong or did not know) and 1 (correct). Items marked with * were not included in the Mokken scale as they reduced the scale's quality; therefore, H i is not reported for these items 3.5 Correlations of the knowledge scales with each other and with education All knowledge scales showed significant positive correlations between each other (see Table 5 ), although physical knowledge was only weakly correlated with knowledge about climate change and causes. A higher level of knowledge about the expected consequences was associated with more knowledge on the other two factual knowledge scales. There were positive correlations for action-related knowledge with all three subtypes of factual knowledge.
Education was positively related to all knowledge types. It, however, showed only a weak relationship with knowledge about climate change and causes. emissions than field-grown lettuce. (-) 5. Reducing the temperature of a gas-heated room by 1 degree decreases CO 2 emissions.
6. The production of 1 kg of beef produces more greenhouse gases than the production of 1 kg of wheat.
A large part of CO 2 emissions in Switzerland is
produced by heating. (-) Denotes items with an incorrect statement. Accordingly, responses were reversed to indicate correct and wrong answers. The scale was changed into a dichotomous response format of 0 (wrong) and 1 (correct). The item marked with * was not included in the action-related knowledge scale as it reduced the scale's quality 3.6 Regression analyses predicting concern about climate change, skepticism, and feeling of powerlessness
The attitudinal items were analyzed using a principal component analysis. Based on the eigenvalues (>1), a visual inspection of the screeplot, and interpretability, we selected a solution with three dimensions among our 16 items: (1) concern about climate change, (2) feeling of powerlessness, and (3) skepticism. All three scales showed satisfactory internal reliabilities (αs>.70). The scale items, means, standard deviations, and reliabilities (Cronbach's alpha coefficient), and factor loadings of the items are reported in the Appendix. Overall, the respondents seemed to be rather concerned about climate change (M05.18, SD00.91, on a 6-point Likert scale). They did not appear to feel powerless (M02.87, SD0 1.00) or seemed to be very skeptical about the topic of climate change (M02.69, SD01.05). Table 6 displays the result of the three regression analyses predicting concern about climate change, skepticism, and feeling of powerlessness. Of all the knowledge subscales, knowledge about climate change and causes was the strongest predictor of all these outcome variables. A higher level of knowledge about climate change and causes was related to more concern about climate change, less feeling of powerlessness, and less skepticism about climate change. The second-most powerful predictor of all three attitudes was political affiliation, except for feeling of powerlessness where the respondents' political affiliation was equally predictive as knowledge about climate change and causes. Respondents with right-of-center political views tended to be less concerned about climate change, more skeptical, and felt less powerless to do something about climate change. Concern about climate change was also significantly influenced by knowledge about the consequences; respondents knowing more about the expected outcomes of climate change were more concerned about it. The feeling of powerlessness was reduced by having more action-related knowledge.
Discussion
In this study, we aimed to develop a comprehensive climate-related knowledge scale consisting of various subscales measuring different areas of knowledge. We further intended to describe the level of climate-related knowledge that currently exists among the Swiss population. Finally, we examined the relationship between the different knowledge scales and, in the second step, between the knowledge scales and attitudinal variables. Our climate-related knowledge scale finally consisted of three subscales measuring factual knowledge (physical knowledge, knowledge about climate change and causes, and knowledge about the expected consequences) and one action-related knowledge scale. Overall, our findings about the Swiss public's understanding confirm several misconceptions among laypeople found in past research (e.g., confusion with ozone depletion), but also indicate that the current knowledge about CO 2 is generally high (e.g., CO 2 is a greenhouse gas). Of all knowledge scales, knowledge about climate change and causes was most strongly related to attitudinal variables, such as concern about climate change, feeling of powerlessness, or skepticism. Our findings are discussed in more detail in the following.
Climate-related knowledge scale
We developed three reliable factual knowledge scales concerning climate change. The resulting subscales covered physical knowledge about CO 2 and the greenhouse effect, knowledge about climate change and causes, and knowledge about the expected consequences of climate change. We believe the three subscales contribute to the existing literature, as they offer a reliable, statistically tested way of measuring public knowledge about climate change comprehensively. The division into several subscales enables a closer examination of the different factual knowledge domains. Furthermore, all three subscales include items of different difficulty levels.
The Mokken scale analysis proved to be very useful for developing the knowledge scales. First, it allows the use of items with different degrees of difficulty. This way, both ceiling and floor effects can be avoided. Thus, even very well-informed respondents will find some items challenging, while less knowledgeable participants will still find some items they can answer. At the same time, the different levels of item difficulties allow a broad range of knowledge to be assessed with a relatively small set of items. Second, the Mokken scale analysis ranks items according to their difficulty and ensures that all respondents perceive a Sex was coded 0 0 male, 1 0 female b Political affiliation was measured on a 7-point Likert scale, 1 0 left-wing, 4 0 center, 7 0 right-wing the items in the same rank order (Van Schuur 2003) . The uniform ordering of items across (sub)groups of persons makes it particularly suited for international comparisons of knowledge levels. Overall, the use of Mokken scale analysis seems to be very fruitful for future knowledge research. The development of an action-related knowledge scale proved to be more difficult. The items' difficulty levels seemed to vary across the respondents. One reason might be that action-related knowledge includes a diverse range of activities so that our items covered different dimensions. While some respondents might have been knowledgeable in one domain (e.g., heating) and more nescient in another field (e.g., mobility), this might have been the other way round for other participants. Furthermore, it is also possible that actionrelated knowledge is evenly distributed throughout the population. This would make it difficult to develop items that are able to discriminate between persons with a high level of knowledge and less knowledgeable people. Although the variance in the items' distributions impaired the scale's internal consistency in the reliability test, the action-related knowledge scale may still function as an indicator for that type of knowledge. For future research, it might be promising to develop an action-related knowledge scale consisting of several subscales (e.g., items covering transportation, heating, and electricity). However, the action-related knowledge domain might be difficult to compare between different populations, since, depending on the country, different types of action might be climate-relevant. As in Switzerland, for instance, electricity is mainly produced by hydro-electric or nuclear power, electricity saving is not a priority for climate-friendly behavior. This might be different for countries generating electricity from coal or gas.
In contrast to the action-related knowledge scale, the resulting Mokken scales covering factual knowledge (i.e., physical knowledge, knowledge about climate change and causes, and knowledge about the expected consequences) included only items that are independent of the participants' country of residence. Thus, these three factual knowledge scales could be applied in an international context, whereas the action-related knowledge scale probably has to be adjusted to the specific country's situation.
We measured climate-related knowledge by counting each respondent's correct answers, without differentiating between incorrect responses and the answer don't know. As we were interested only in the participants' knowledge, we interpreted incorrect responses and don't know as lack of knowledge. Such a procedure is commonly applied in knowledge surveys (e. g., Connor and Siegrist 2010; DiClemente et al. 1988; Durant et al. 1992 ), but can be disputed. Uninterested respondents, for instance, might tend to choose the answer don't know, which would reflect indifference rather than lack of knowledge (Mondak and Davis 2001) . In contrast, participants with high levels of confidence and a propensity to take risks might be inclined to guess and therefore increase their chances of correct answers. Mondak and Davis (2001) therefore suggested eliminating the systematic factor of propensity to guess by omitting the response option don't know. For items that are left unanswered by participants, the answers should be randomly assigned to the available response categories. The authors argued that this way, knowledge scales are a function of one systematic factor (i. e., knowledge) and one unsystematic factor, namely chance. Our choice of recoding the don't know answers in incorrect responses may have systematically reduced our respondents' knowledge, if these responses were the result of our respondents' cautiousness. Future researchers applying the climate-related knowledge scales might take this recommendation into consideration.
Our scales' categorization and underlying constructs were based on statistical criteria, namely the Mokken scale analysis. It would also be possible to categorize climate-related knowledge differently. Climate-related knowledge could, for instance, be measured as one construct covering different domains. Another possibility would be to subcategorize various domains even further, for instance, one could differentiate between the observation of climatic change and the causes of climate change. However, although the scales were formed by a purely statistical procedure, they appeared congruent with regard to their content. Therefore, we believe the suggested categorizations to be adequate. The inclusion of different items might however have yielded other scales and knowledge domains.
With the climate-related knowledge scale, we aimed to measure a broad range of knowledge about climate change. Although we took a variety of knowledge domains into consideration, there might be also other types of knowledge relevant for people's climate-related behavior or support of climate mitigation policies. Future research might, for instance, also go one step further and consider effectiveness knowledge, addressing the climate-related benefit associated with certain behaviors or policy measures (see Frick et al. 2004 ).
Climate-related knowledge among the Swiss population
Overall, our results are in line with past research examining people's climate-related knowledge. In agreement with past studies, many respondents seemed unaware of the fact that the greenhouse effect is a natural process Reynolds et al. 2010) . A large part of our respondents also believed the ozone hole to be the main cause of the greenhouse effect, confirming this misconception's persistent existence (e.g., Bord et al. 2000; Bostrom et al. 1994; Dunlap 1998; Leiserowitz 2007; Read et al. 1994; Reynolds et al. 2010) . Our findings also confirmed the misconception that increased UV radiation and risk of skin cancer are a consequence of climate change, which is probably influenced by the confusion with ozone depletion Read et al. 1994; Reynolds et al. 2010) . Similarly, we confirmed the finding that, while people know about the expected sealevel rise due to ice melting, they seem to be less aware of the (larger) contribution of thermal expansion of the oceans Reynolds et al. 2010) .
Generally, our participants were rather knowledgeable about the issue of CO 2 . The vast majority knew that CO 2 is a greenhouse gas and that it is emitted when oil is burnt. A similarly high fraction was also aware that the global CO 2 concentration in the atmosphere has increased. The majority of our respondents knew that the CO 2 increase is mostly caused by human activities and that this increase is the main cause of climate change. Compared to past research (e.g., Diekmann and Meyer 2008; Read et al. 1994) , this understanding seems to have generally increased. Items regarding other greenhouse gases, namely water vapor and methane, were more challenging for the participants. These findings were somewhat expected, since the media coverage of greenhouse gases usually highlights CO 2 as the most influential contributor to the greenhouse effect and climate change. This might explain why our respondents were quite knowledgeable about CO 2 whereas their knowledge about other greenhouse gases was rather low.
Finally, our findings indicate that Swiss people seem to have only a few misunderstandings regarding action-related knowledge, as virtually every item was answered correctly by at least half of the participants. This finding is plausible, as Swiss environmental organizations mainly try to convey this type of knowledge to raise public awareness and motivate people to engage in climate-friendly behavior. It is also possible that action-related knowledge is easier to memorize for most people since, unlike factual knowledge, it is related to their daily lives and therefore more tangible.
However, men were overrepresented in our sample, and our participants were somewhat older and had slightly more education than the average population. Thus, our sample was not entirely representative of the Swiss population. We cannot exclude the possibility that people indifferent to climate change did not participate in our survey. Therefore, the consumers who did not respond might be less knowledgeable about climate change. Thus, our results might slightly overestimate public knowledge about climate change among Swiss consumers. Future studies might consider using quota sampling to examine climate-related knowledge in a more representative sample.
4.3 Correlations of the knowledge scales with each other and with education All three factual knowledge scales correlated significantly and positively with action-related knowledge. Having factual knowledge might therefore be beneficial for the acquisition of information related to behaviors and actions. Therefore, it seems worthwhile to equip people with both factual and action-related knowledge.
Knowledge about the expected consequences of climate change was also moderately related to physical knowledge and knowledge about climate change and causes. It therefore appears that, to know what could happen in the future (e.g., rising of the sea level), it is necessary to understand what has happened in the past (e.g., temperature rise) and to know how the physical mechanisms influence these consequences (e.g., warming of sea water leads to thermal expansion).
Higher levels of education were associated with more knowledge in all knowledge domains. This relationship was, however, weak with knowledge about climate change and causes. As most of our respondents received their basic education before climate change was a public issue, this topic was most likely not discussed in school. Our findings indicate that knowledge about climate change and causes is more evenly spread among the population, probably due to the wide media coverage, which provided almost uniform information to a broad segment of people.
4.4 Regression analyses predicting concern about climate change, skepticism, and feeling of powerlessness Generally, our sample appeared to be rather concerned about climate change. The respondents did not appear to feel powerless, and the average level of skepticism about climate change was rather low. There is a possibility of self-selection bias, leading only concerned people to fill out our questionnaire about this subject. A biased sample would, however, reduce the variance, which means that our results might underestimate the influence of knowledge on attitudes and that, actually, this relationship might be even stronger. Nevertheless, due to the large response rate and the fairly representative sample, we can still conclude that a substantial fraction of the Swiss population currently is worried about climate change. This public awareness might be due to the broad media coverage in the recent past, particularly related to the UN Climate Change Conference 2009 (COP15) in Copenhagen. However, we did not compare the respondents' concern about climate change to other current issues, such as the financial crisis or crime. It is very probable that, despite its high level in our study, concern about climate change is not one of people's main concerns when it is compared to other issues (e.g., see Diekmann and Meyer 2008; European Commission 2009) .
Overall, knowledge about climate change and causes was the strongest predictor for the attitudinal variables, such as concern about climate change, feeling of powerlessness, or skepticism. This knowledge domain in particular correlated positively with concern about climate change and negatively with skepticism. People knowledgeable about climate change and causes thus seem to be less prone to believe that climate change is a racket or that its consequences are exaggerated in the media, and therefore tend to show higher levels of concern. However, as these are cross-sectional data, we cannot draw any conclusions about the causal direction of this relationship. It is conceivable that people already skeptical about the matter of climate change know about the scientists' positions but simply do not accept them as true. Persons skeptical about climate change often negate human activities to be a cause of climate change. Since the causes of climate change are an essential part of this knowledge scale, it is of little surprise that this type of knowledge has the highest and most negative correlation with skepticism. This finding is also in line with past research suggesting that climate-related knowledge is not merely a matter of accepting facts but also involves the decision about whom and what to believe (Bulkeley 2000) . However, it appears that this type of knowledge should be given priority in climate education, as it is most strongly related to attitudes that might influence people to act or support climate policy measures.
There is a great scientific consensus that the warming of the climate system is unequivocal and that human activities have contributed to climate change (IPCC 2007) . At the same time, these findings appear to be the most important notions influencing consumers' attitudes toward climate change. It therefore seems particularly important not only to inform the public about these results but also to illustrate the consensus among climate scientists and the certainty of these findings. As people often acquire climate-related knowledge from the media (Antilla 2005; Kahlor and Rosenthal 2009; Stamm et al. 2000) , it would probably be worthwhile to address journalists, as they often act as intermediaries between scientists and the public. It seems particularly important to inform journalists about the large body of research that led to the conclusions about climate change and its causes. Furthermore, it might be helpful if reporters were introduced to the meaning of scientific uncertainty.
Political affiliation was another significant predictor of concern, skepticism, and feeling of powerlessness. People who positioned themselves at the right side of the political spectrum tended to be less concerned, more skeptical, and felt less powerless. This finding is supported by past research indicating a relationship between climate-related attitudes and political ideology (e.g., Leiserowitz 2006; Zia and Todd 2010) . Thus, providing right-wing voters with information about climate change probably will not suffice to change their attitudes toward this issue, as it might be outweighed by their political ideology. Relating environmental issues to concerns that are more of interest to them, such as economic concerns, might be more fruitful to arouse interest in environmental issues of people on the right wing of the political spectrum rather than trying to change their political affiliation.
Knowledge about the consequences of climate change was significantly related to increased climate-related concern; thus, people who were aware about the possible (negative) outcomes of climate change tended to worry more about it. Furthermore, having more action-related knowledge appeared to reduce the feeling of powerlessness about contributing to climate change mitigation. Both findings are very plausible and support the validity of the respective subscales.
Overall, the climate-related knowledge scale needs to be tested in further studies, preferably with different populations, to test its general applicability. Generally, our proposed scale could be useful for cross-cultural comparisons to first examine whether the measurement models are identical across countries. Second, the scale would allow for the identification of differences in knowledge across countries. It would also be interesting to expand the knowledge about the relationships of knowledge, attitudes, and willingness to act by using structural equation modeling. As knowledge might not be the most important predictor of behavior, future research could compare the effect of knowledge to the influence of other factors. Based on the outcomes of such studies, one could conclude whether a focus on knowledge acquisition would be worthwhile in future campaigns or educational material or if other methods (such as incentives) might be more promising.
